INTRODUCTION
In our unpublished studies concerning the effect of the medium on the electrophoretic velocity of the organism grown thereon, it became necessary to measure the pH of solid bacterial media. In the light of the errors exhibited by indicators, the question arose as to whether the colorimetric method (which is most commonly used in the bacteriological laboratory because it has the advantage of simplicity) is sufficiently accurate for this purpose. Whenever highly accurate values are necessary, the colorimetric values should be verified by potentiometric determinations. Previously, this has been done with liquid but not with solid media.
Since we were dealing with a solid medium the question arose as to how to make pH determinations on such a medium potentiometrically. It was thought that if the medium was sufficiently buffered, it would be possible to do this by diluting the melted agar until it remained a liquid at room temperature, an idea suggested by buffer principles. 
HISTORICAL
For the fact that the colorimetric method is not always accurate, the reader is referred to S6renson and Palitzsch (1913) , and Clark and Lubs (1917) . Jaumain (1925) reports an error of 0.8 pH when using bromthymol blue to determine the pH of a 1/50 concentration of blood serum. On the basis of this he recommends that the indicator method be avoided for determinations of protein-containing materials. Schlegel and Stueber (1927) call attention to the acid error in the use of bromthymol blue. The salt error has been studied thoroughly by Kolthoff (1918 Kolthoff ( , 1925 . He found bromthymol blue among the indicators exhibiting the smallest error. Sharp and McInerney (1926) Hastings and Sendroy (1924) report that the correction used by Cullen is not necessary when the readings are made at body temperature. They find that the average difference under these conditions is only 0.003 pH, the colorimetric value being the higher. Johnston (1928) and Myers and Muntwyler (1928) discuss this point at greater length. The hydrogen electrode can be used where turbidity and color interfere with indicators. The bacteriologist does not use potentiometric methods to a large extent; they are too cumbersome, and it is seldom that reactions need to be determined more accurately than the colorimetric method permits. In the light of the above statements, however, he needs to be aware of the fact that colormetric and potentiometric values do not always agree, and therefore, he must ascertain whether or not such a difference does or does not exist, and whether or not he is justified in using the simpler colorimetric method.
Up to the present time there is but one record of an attempt to measure directly the hydrogen ion concentration of a solid bacterial medium by means of a hydrogen electrode. Radsimowska (1924) claims that he was able to get an excellent agreement between the results obtainedwith his electrode and with the ordinary U-form electrode of Michaelis in the usual buffer solutions of S6renson, Michaelis, and others. He states that a special report will contain the results of using this electrode to determine the pH of a single bacterial colony. Biilmann and Lund (1923), and Biilmann (1927) have shown that the hydrogen electrode can be replaced by the quinhydrone electrode. Biilmann and Krarup (1924) have determined potential differences at various temperatures with the quinhydrone electrode, and have given us an equation forcalculating the potential of the electrode in respect to a hydrogen electrode at "t" degrees temperature. Recently, Biilmann and his co-workers (1928) tested the accuracy of the quinhydrone electrode in phosphate solutions, and found that the quinhydrone electrode gave correct pH values up to 7.73. Baver (1926) found that with most soils constant readings were easily and quickly obtained, but that in case of alkaline soils the readings must be taken immediately after adding the quinhydrone. Lester (1924) , working with dairy products found good agreement in values obtained by the hydrogen and quinhydrone electrodes. Watson (1927) has measured the pH of Swiss cheese by means of the quinhydrone electrode, but found a rapid drift especially in "green" cheese.
The change in potential of the quinhydrone electrode has been studied by several investigators and it has been generally conceded that the drift is due to a slow change in the ratio between the concentration of the quinone and the hydroquinone. Several factors may operate to bring this about. If the material contains oxidizing or reducing substances, the hydroquinone may be oxidized to quinone or the quinone reduced to hydroquinone. Baver (1928) thinks that one of the substances may be selectively adsorbed when soil suspensions are used. Hissink and van der Spek (1927) are of the opinion that the drift is due to the fact that equilibrium has not been established. Considerable variation in opinion exists as to the best time to make the readings. Hetterschij and Hudig (1927) came to the conclusion that readings taken immediately after adding the quinhydrone are the best. On the other hand Hissink states that thirty minutes should be allowed to elapse before readings are made. Corran and Lewis (1924) and Cullen and Earle (1928) find that good agreement is obtained between the quinhydrone and hydrogen electrodes when readings are extrapolated to zero time.
The following are the buffer equations that apply to solutions of weak monobasic acids in the presence of their salts and to weak monoacidic bases in the presence of their salts respectively: [acid] [base]
[ Several investigators have taken advantage of the fact that buffered solutions can be diluted without great alteration of the hydrogen ion concentration. Brown (1924) assumed that the pH of culture fluids does not change upon dilution. To determine the hydrogen ion concentration of small amounts of material, he added one drop to a small quantity of water and made a colorimetric comparison. Hastings and Sendroy (1924) and Hastings, Sendroy, and Robson (1925) showed that blood and urine can be diluted to great advantage. Cullen (1922) diluted blood plasma to 20 times its original volume with physiological salt solution. The turbidity of milk is a great hindrance to colorimetric determinations and for this reason Sharp and McInerney (1926) have studied the possibility of diluting the milk and thus removing the difficulty. In order to determine the dilution factor they plotted the pH of the original milk and of the milk diluted to various volumes against the logarithm of the volume to which the milk was diluted. The curves obtained were invariably straight up to a volume dilution of 20 times. At this dilution the correction factor is -0.54 in order to bring the pH to the original value. This factor applies only to milk whose original pH is between 6.0 and 7.4. When the milk is as acid as pH 5.0 the factor diminishes to 0.22. Kolthoff (1928) states that the effect of dilution on the pH of buffer mixtures can be calculated.
THE PROBLEM
In order to determine whether or not colorimetric methods are suitable for the determination of the pH of solid bacterial media, it becomes necessary to determine pH potentiometrically. Instances have been cited to show that colorimetric methods may be in error and that it has been found advantageous to dilute blood, milk, and urine, and to apply a correction factor for the accompanying change in pH. In view of the nature of the constituents of nutrient agar, it seemed probable that its buffer capacity would be large enough to permit dilution to the point where it would remain liquid and the use of potentiometric methods would become feasible.
The hydrogen electrode is easily poisoned by protein-containing material, thus requiring frequent replatinizations. On the other hand, the quinhydrone electrode requires no platinizing and is simple to manipulate. For this reason, it was decided to determine the applicability of the quinhydrone electrode to these studies.
The problem consists of two parts: (1) A justification for the dilution; (2) (24 gauge) platinum wire. A saturated calomel cell was the reference electrode. The hydrogen which was supplied from a cylinder was purified by passing it successively through solutions of alkaline pyrogallol, alkaline potassium permanganate, and saturated mercuric chloride. The quinhydrone was purchased from the Research Laboratory of the Eastman Kodak Company.
Each day, before any determinations were made, the standard cell was checked against a new cell of the same type which was kept as a standard. Following this the electrodes were filled with a standardized buffer solution and measurements taken to insure that the reference cell and each of the electrodes was in good condition. Any hydrogen electrode that was unduly slug-gish or that gave readings more than 0.02 pH in error was discarded. The quinhydrone electrodes were cleaned in chromic acid cleaning solution and flamed with an alcohol lamp.
PRESENTATION OF DATA
It has been stated that many investigators have observed a drift in the potential of the quinhydrone electrode. We have found a similar change with nutrient agar. In order to determine the exact nature of the drift, we have thought it advisable to observe it over an extended period of time. Table 1 gives the Cullen et al. (1925 Cullen et al. ( , 1928 Clark and Lubs (1917) found that, for a liquid medium of about the same protein and salt content as the medium with which we worked, the colorimetric values were on the average 0.1 pH lower than the hydrogen electrode values. Our hydrogen electrode and colorimetric values agree well, showing that bromthymol blue does not exhibit either salt or protein errors in nutrient agar, and that the colorimetric method as ordinarily used gives accurate results.
SUMMARY AND CONCLUSIONS
A method, based on the buffer equation, has been devised for the determination of the pH of solid bacterial media, as it has been shown that the buffering power of nutrient agar is sufficient to permit a seven-fold dilution without a change in pH. At this dilution, the medium remains liquid, and the use of potentiometric methods is feasible.
Due to the cumbersomeness of the hydrogen electrode, the applicability of the quinhydrone electrode to pH determinations of nutrient agar has been determined. An effort has been made to eliminate the effect of the drift of the quinhydrone electrode by extrapolation of the values observed at successive intervals of time.
The average results of 60 parallel determinations indicate that the quinhydrone electrode gives values 0.16 pH lower than the hydrogen electrode.
It has been shown that bromthymol blue is an accurate indicator in nutrient agar, and that the colorimetric method agrees with the potentiometric method using the Bailey electrode.
